Metyrapone, a potent cytochrome P-450 inhibitor, added at 9 mM to a submerged culture of Streptomyces cinnamonensis caused partial inhibition of total monensin biosynthesis and coproduction of new metabolites, 26-deoxymonensins A and B. The latter was isolated as its 25-0-methyl derivative. Metyrapone was simultaneously reduced to metyrapol. All of these compounds were identified by nuclear magnetic resonance spectroscopy and mass spectrometry.
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Streptomyces cinnamonensis is the producer of the polyether antibiotics monensins (8) . Biosynthetic studies of monensin A revealed that its skeleton is formed by the coupling of precursors derived from butyrate, propionate, and acetate building units; one methoxyl arises from methionine (5) . Later experiments with "3C and '8O-labelled precursors and 1802 confirmed the oligoketide pathway and the epoxidation of the putative intermediate triene formed through the initial polycondensation of acyl coenzyme A units (1, 3) . The participation of several enzymes in the biosynthesis of monensins was proposed; among them are oligoketide (i.e., monensin) synthase (11) , epoxidases, hydroxylases (9) , and O-methylase.
Some biosynthetic intermediates of antibiotics may be obtained either from blocked mutants or by using specific enzyme inhibitors. Application of methylation inhibitors to obtain 3-O-demethylmonensins (17) and a mutant of S. cinnamonensis blocked for production of 26-deoxymonensin A (2) has been reported. In this work, we used metyrapone (2-methyl-1,2-di-3-pyridyl-1-propanone), a potent cytochrome P-450 inhibitor (4) which had not previously been used for similar purposes with prokaryotic organisms. The objective of our investigation was to identify the new S. cinnamonensis metabolites formed because of the inhibition of monensin biosynthesis caused by metyrapone. The fate of metyrapone was also studied.
MATERIALS AND METHODS
Microorganism and culture conditions. For this study, S. cinnamonensis LO-63 from our laboratory collection was used. Submerged cultivations were carried out with 500-ml flatbottom flasks containing 50 ml of a medium containing the following (grams per liter): glucose, 25 (seed medium) or 50 (production medium); soybean flour, 15; CaCO3, 3; NaCl, 3; FeSO4* 7H20, 0.3; MnCl2 * 4H20, 0.3. After 26 h of cultivation, the seed culture was used as an inoculum (2%, 25 vol/vol) for the production medium. Cultivations were performed on an orbital shaker (162 rpm) at 34°C for 6.5 days. An Analytical procedures. Total monensin production was determined spectrophotometrically by the vanillin reagent reaction (15) . The ratio of monensins to 26-deoxymonensins was determined densitometrically after TLC separation and visualization by spraying with the vanillin reagent (17) . Positive-ion fast atom bombardment (FAB) mass spectra of monensins were recorded on a double-focusing Finnigan MAT 90 instrument (Finnigan MAT, Bremen, Germany) with BE geometry (the magnetic sector preceding the electrostatic one). The standard saddle field FAB gun (Ion Tech Ltd., Teddington, United Kingdom) was operated at 2 mA of current and 6 kV of energy with xenon as the bombarding gas (10-' Pa). (18) . Formation of 25-methoxyketal from 26-deoxymonensin A upon its chromatography in methanol has been observed (2), but the compound was not characterized. monensin biosynthesis, hydroxylation of the C-26 methyl, is catalyzed by cytochrome P-450 oxygenase. Holmes et al. (9) have used an acetylenic analog (3-methylhept-1-en-6-yn-3-ol)
as a potential inhibitor of S. cinnamonensis oxidases. However, this substance completely stopped the biosynthesis of monensin.
In recent years, the actinomycetes have been found to be a rich source of xenobiotic-metabolizing cytochromes P-450 (14) . One (20, 21) . Streptoverticillum olivoreticuli has been found to produce 26-deoxylaidlomycin together with laidlomycin, the monensin B derivative (7) .
Sariaslani and Kunz (19) have found that soybean flour and its constituent isoflavonoid genistein induce a soluble cytochrome P-450 in Streptomyces griseus. Therefore, we also studied the effect of the metyrapone on S. cinnamonensis growing on soybean-free medium in which soybean flour was replaced by wheat proteins. Unfortunately, under these conditions the monensin production level was low and metyrapone only further depressed monensin biosynthesis.
The present study and our previous work (17) demonstrate the benefit of enzyme inhibitors in the study of monensin biosynthesis. No blocked mutant of S. cinnamonensis producing 3-0-demethylmonensins has been obtained, and the natural level of production of these compounds is very low (16) . By using metyrapone and methylation inhibitors (aminopterin and sulfonamides), we obtained corresponding intermediates in reasonable yields. Nevertheless, the roles of 3-0-demethylmonensins and 26-deoxymonensins in normal monensin biosynthesis remain unsettled (2, 10) .
Metabolism of metyrapone. The major pathway of metyrapone metabolism in vivo in rats or in vitro appears to be ketoreduction leading to formation of metyrapol (4) . The same conclusion is probably valid for microorganisms, as suggested by our identification of metyrapol (Fig. 3) 
